In 2009, two mealybug species Planococcus ficus (Signoret) and Planococcus citri (Risso) and an armoured scale species, Hemiberlesia lataniae (Signoret) were recorded throughout Tunisian table-grape vineyards. P. ficus was by far the most widespread scale insect species within the investigated grape growing areas and was also recorded on fig trees. Among 31 inspected vineyards, 8 were non-infested, 16 slightly to moderately infested, and 7 highly infested by mealybugs. Therefore, the latter are principal pests in vineyards and should be sustainably managed to avoid major crop losses on grapevine. Six ant species were found in Tunisian mealybuginfested table-grape vineyards. They are Tetramorium semilaeve André, Plagiolepis schmitzii (Forel), Tapinoma nigerrimum (Nylander),
INTRODUCTION
In vineyards, scale insects are considered serious pests and can often be vectors of grapevine viruses (Sforza et al. 2003; Mahfoudhi 2009; Tsai et al. 2010) . Throughout the world, the scale insects occurring in grape-growing areas mostly belong to the families: Diaspididae, Coccidae, Margarodidae and Pseudococcidae. Among these families, Pseudococcidae (mealybugs) are considered the most important scale insect group attacking the grapevines in several cultivation areas of the world. Pseudococcidae are found in such places as Italy (Dalla Montá et al. 2001; Buonocore et al. 2008) , Portugal (Godinho and Franco 2001) , Spain (Cid et al. 2010) , the USA -especially in California (Daane et al. 2004) and Oregon (Skinkis et al. 2009 ), South Africa ) and in New Zealand (Lo et al. 2009 ).
Biological control using species-specific encyrtid parasitoids is considered a key component of an integrated mealybug-pest management program. Such a program, for example, is used in California vineyards (Daane et al. 2002 . However, since honeydew excreted by mealybugs is the primary food source for ants, the latter may thereby disturb the activity of natural enemies. The ants tend and prevent enemies from attacking the mealybugs on grapevine, in return for honeydew. This association creates a temporal refuge for mealybugs (Gutierrez et al. 2008 ) and decreases parasitism rates on these pests in vineyards (Daane et al. 2002 (Daane et al. , 2007 Tollerup et al. 2007 ). In the Cap-Bon (Tunisia) vineyards, the ant-mealybug association was often observed and probably disturbed parasitoid activity towards mealybugs (Mansour et al. 2009) . For this reason, it is important to identify which ant species are associated with mealybugs in vineyards in order to determine the suitable control tools needed to reduce ant populations, and accordingly to optimize the effectiveness of parasitoids on mealybugs.
In Tunisia, two mealybug species, Planococcus ficus (Signoret) and Planococcus citri (Risso) were recently studied on grapevines, precisely in the Cap-Bon Region (NorthEast) (Mansour 2008; Mahfoudhi and Dhouibi 2009; Mansour et al. 2009 ) and in both the Borj Amri and Bousalem areas (Mahfoudhi and Dhouibi 2009) . In these vineyards, P. citri is thought to be the dominant mealybug species (Mahfoudhi and Dhouibi 2009) , but no related quantitative data was provided. Two other soft scales, Ceroplastes rusci L. and Parthenolecanium sp. were sporadically found on grapevines in Tunisia (Mahfoudhi 2009 ). The complete list of the scale insect fauna and both the predominance and the pest status of the present species, mainly of mealybugs, were until recently, unknown in the Tunisian grapevine areas, especially in Mornag, the most important grapegrowing region. Additionally, both the composition and the status of mealybug-tending ant fauna are unknown throughout Tunisian vineyards and are poorly described within Mediterranean grape-growing areas. The present study was carried out during the spring-summer of 2009, in several Tunisian table-grape producing areas. The aim was to provide information about the scale insect fauna, especially about the mealybug tending ant relationship on grapevines. We also intended to implement a basic step for Integrated Pest Management (IPM) perfecting. 
MATERIALS AND METHODS

Study period and selected sites
The survey of the scale insect fauna and ants, and the assessment of the mealybug pest status on grapevine (Vitis vinifera L.) were performed during the same period; from May to August 2009, and within the same vineyards. The study period corresponds to the most intense scale insect activity in Tunisian vineyards. This period is likely the most propitious for determining mealybug-tending ant fauna on grapevine. A total number of 31 mature table-grape vineyards belonging to 9 major and minor grape-growing sites were randomly selected, without prior knowledge of their mealybug infestation status ( Fig. 1 , Table 1 ). The investigated vineyards ranged from 3 to 10 ha and more than 80% of which were planted with the "Muscat of Italy" variety, led in pergola and drip irrigated. Vineyards received one early-June application of methidathion or chlorpyriphos-ethyl (organophosphate insecticides). These are the most commonly used insecticides for mealybug control in Tunisian vineyards, but they had limited efficacy on these insects. 
Survey of scale insect fauna
In an attempt to acquire more information about the scale insect fauna occurring on table-grapes, several field surveys were carried out in different Tunisian grape-growing sites. On each sampling date, at least 30 grapevines from different parts of each vineyard were randomly selected. The areas beneath the trunk bark, as well as along cordon, canes, leaves and clusters were carefully investigated. From each grapevine, whenever possible, adult female scale insects belonging to the same family were randomly collected. Then these females were placed in vials containing 70% ethanol until they could be identified by genus and species. Additionally, further mealybug specimens were collected from some fig (Ficus carica L.) trees located in the vicinity of a sampled vineyard belonging to the Mornag site. Microscope slides were prepared following the method described by Williams and Watson (1988a, b) . The mealybug species were identified according to the keys of Tranfaglia and Tremblay (1982) and Williams and Granara de Willink (1992) .
The armoured scale species were identified based on the slide-mounted characters of the Diaspidid adult females (Balachowsky 1948; Williams and Watson 1988a; Miller and Davidson 2005) .
Evaluation of mealybug pest status on grapevines
In order to assess the current pest status of mealybugs on grapevine, an infestation rate by mealybugs was evaluated. Vineyards belonging to the same site were investigated on the same date. Sampling consisted of a 5-minute visual search of mealybug mobile developmental stages Mansour et al. 2010) and of a visual investigation detecting the presence/absence of honeydew and sooty mold fungi on each vine . A category assessing the degree of infestation by these pests was allotted for each grapevine. The main infestation category for all inspected grapevines (40 grapevines/ vineyard) was then attributed to the vineyard. The categorized vineyards were labeled as having: no, slight to moderate, or high mealybug infestation (Table 2) . 
Survey of ants
All vineyards, except three which were highly infested by mealybugs (two at the Mornag site and one at the Cap-Bon site), were sampled once. In each vineyard, at least 20 mealybug-infested grapevines were carefully investigated for the presence of ants. On each grapevine, a 2-minute visual search (Daane et al. 2002) was performed. This meant the distribution level of ants moving up and down the trunk and along the others grapevine sections (cordon, canes, leaves, clusters) was visually estimated (ants widely distributed or not). Whenever possible, specimens belonging to each reported ant genus were collected and preserved in tubes containing 70% ethanol. The presence/absence of a close mealybug-ant association on grapevines was noted for each investigated vineyard and for each related ant genus. Ant species were identified under binocular microscope according to the keys of Agosti and Collingwood (1987) .
RESULTS AND DISCUSSION
Scale insect fauna and mealybug pest status
Three scale insect species, two mealybugs P. ficus and P. citri, and one armoured scale Hemiberlesia lataniae (Signoret) were found attacking grapevines. The Vine Mealybug (VM) P. ficus occurred in all inspected vineyards and was by far the most abundant scale insect species. The Citrus Mealybug (CM) and the Latania Scale H. lataniae were rare and were found in a single vineyard each, located in Regueb and in Takelsa (Cap-Bon), respectively (Table 3) .
The VM P. ficus was reported attacking grapevine on a worldwide scale. The presence of P. citri and H. lataniae on grapevines, on the other hand, is likely related to the occurrence of some specific ecological conditions. In Italian (Dalla Montá et al. 2001; Buonocore et al. 2008) and French (Sforza 2000) vineyards, the mealybug species P. ficus and P. citri have already been found attacking grapevines. P. ficus was found to be the most abundant and almost the only mealybug species occurring in the investigated Tunisian vineyards. This new data for Tunisia is similar to other results reported in Italy (Dalla Montá et al. 2001) , in Turkey (Kaydan et al. 2004) , in South Africa ), in California (Daane et al. 2004 and in Argentina (Trjapitzin and Trjapitzin 1999) . Whereas in Spain, the CM P. citri is considered the main grapevine pest in vineyards (Cid et al. 2010 ). The Diaspidid H. lataniae was already found on other hosts in Tunisia (Balachowsky 1948) . Based on the categorization of Miller and Davidson (1990) , a severe infestation (large colonies of 11-100) of this species was found attacking trunks of adjacent grapevines located in Takelsa (CapBon area). Miller and Davidson (1990) consider the Latania Scale to be a serious pest in many areas of the world. Argyriou (1990) stated that this species was recorded as a pest on olives in Egypt, Turkey, Israel, California and Walton et al. (2009) , in South Africa, P. ficus has only been collected from V. vinifera (Vitaceae) and F. carica (Moraceae). Among the 31 inspected vineyards, 8 were non-infested, 16 slightly to moderately infested and 7 highly infested by mealybugs (P. ficus). This means that P. ficus was present in more than 70% of the investigated vineyards (Table 4) . These outcomes clearly revealed that mealybugs, namely P. ficus, are currently principal pests in Tunisian vineyards and should be sustainably managed. In Portugal, mealybugs were considered key pests in 14.5%, occasional pests in 61.8% and potential pests in 23.6% of the cases, based on several questionnaires in major grapevine regions (Godinho and Franco 2001) .
Mealybug-tending ants
Six ant species (Hymenoptera: Formicidae), belonging to 3 sub-families, were found on grapevines in 19 mealybug-infested vineyards. These are: the Dolichoderinae Tapinoma nigerrimum (Nylander), the Myrmicinae Pheidole pallidula (Nylander), Pheidole teneriffana Forel, Crematogaster schmidti (Mayr) and Tetramorium semilaeve André, and the Formicinae Plagiolepis schmitzii (Forel). Four species, T. nigerrimum, C. schmidti, Ph. pallidula and Ph. teneriffana were observed in related vineyards tending mealybugs on grapevines. T. nigerrimum was found in almost all inspected vineyards, except in Sidi Thabet and in Rafraf. T. semilaeve and C. schmidti occurred in three grape growing sites, whereas Ph. pallidula, Ph. teneriffana and P. schmitzii were recorded on grapevines of only one grape growing site each (Table 5) .
In South African vineyards, Crematogaster sp. and Pheidole sp. were recorded tending the vine mealybug P. ficus (Addison and Samways 2000) . T. nigerrimum was not previously observed in close association with P. ficus in other vineyards around the world. It was, however, recorded tending P. citri in Portuguese citrus orchards in which Linepithema humile (Mayr) was found to be the ant species most frequently associated with the CM (Zina 2008) . Moreover, Di Martino (1957) indicated that in Italian citrus orchards, T. nigerrimum feed on honeydew excreted by scale insects and accordingly protect these pests 
